The enzymatic transfer of the oligosaccharide moiety from an oligosaccharide-lipid to denatured forms of three secretory proteins-ovalbumin, a-lactalbumin, and ribonuclease A-has been demonstrated utilizing a membrane fraction from hen oviduct. Based on a survey of 10 proteins denatured by sulfitolysis, the presence of the tripeptide sequence -Asn-X-h-(X represents a variable aqmino acid) appears to be necessary but not sufficient for the protein to serve as acceptor in vitro. The results of this investigation also suggest that unfolding of the polypeptide chain is required in order to expose sites for carbohydrate attachment. Studies in this laboratory have established that membranes prepared from hen oviduct catalyze synthesis of an oligosaccharide-lipid, and transfer of its oligosaccharide moiety to endogenous, membrane-bound protein acceptors (1-3). The participation of similar lipid-linked saccharides in the synthesis of endogenous, membrane-bound glycoproteins has been demonstrated in a variety of other tissues (see ref. 4 for a review). Evidence that oligosaccharide-lipid might be involved in glycosylation of secretory proteins was provided by the findings of Eagon et al. (5) that the oligosaccharide moiety of oligosaccharide-lipid can be incorporated into an exogenous, carbohydrate-free form of a kappa-type immunoglobulin light chain. Aside from this study in the myeloma system, no other information has been reported on the possible participation of oligosaccharide-lipid as an oligosaccharide donor for the glycosylation of well-defined, exogenous proteins.
dition of this modified protein to the membrane preparation in the presence of labeled oligosaccharide-lipid resulted in formation of a new labeled polypeptide with an apparent molecular weight similar to that of ovalbumin (9) . Studies of this labeled protein (K. Kronquist and W. J. Lennarz, unpublished data) are complicated by the fact that less than 20% of the amino acid sequence of ovalbumin is known (10, 11) . For this reason it was of interest to identify other exogenous protein acceptors of known amino acid sequence in order to determine which structural features of the protein might correlate with its ability to serve as substrate. We have found that, in addition to ovalbumin, denatured forms of bovine ribonuclease A (RNase A; EC 3.1. 4.22) and bovine a-lactalbumin serve as acceptors of the oligosaccharide chain of oligosaccharide-lipid.
MATERIALS AND METHODS Materials. Bovine pancreas RNase A (RASE grade) and deoxyribonuclease (DNase; EC 3.1.4.5; DP grade) were purchased from Worthington Biochemical Corp. Carboxypeptidase A (EC 3.4.12.1; bovine pancreas), elastase (EC 3.4.21.11; porcine pancreas), and alcohol dehydrogenase (EC 1.1.1.1; horse liver) were purchased from Boehringer Mannheim, and papain (EC 3.4.22.2; papaya) was obtained from ICN Pharmaceuticals, Inc. a-Lactalbumin (Grade II, bovine milk), lysozyme (EC 3.2.1.17; Grade 1, chicken egg white), ovalbumin (Grade V, chicken egg albumin), and RNase B (type XII-B, bovine pancreas) were all products of the Sigma Chemical Corp. RNase B contained about equal amounts of RNase A and RNase B. RNase A was quantitatively removed by elution through a column of concanavalin-A-Sepharose; RNase B, which bound to the column, was eluted with a-methylmannoside. Sodium [25S]sulfite (42.5 (17) and then sliced and measured for radioactivity (16) . The staining-destaining procedure removed any lowmolecular-weight, water-soluble radioactive compounds. Sulfitolysis Procedure. Proteins were subjected to the sulfitolysis procedure described by Pechore et al. (18) . Reagents were removed by a series of dialyses (19) or by gel filtration on Bio-Gel P-4. The sulfitolyzed proteins were concentrated by lyophilization and dialyzed against 1 mM Tris.HCl, pH 7.24. Completeness of the reaction was tested using Na235SO3 (18 One of the protein modifications resulting from the sulfitolysis treatment, namely the introduction of the negatively charged sulfite, is reversed by mercaptans (24) . Accordingly, the effect of dithiothreitol on the acceptor activity and on the sulfite content of sulfitolyzed ribonuclease A was examined as shown in Fig. 2 Enzymatic incorporation of oligosaccharide into alactalbumin Native a-lactalbumin was found to be inactive as an acceptor (Fig. 3A) . In contrast, a major, new radioactive product is formed in the presence of sulfitolyzed a-lactalbumin (Fig. 3B) . The new labeled product has a mobility distinctly lower than that of unglycosylated a-lactalbumin, which is consistent with the increased molecular weight expected after incorporation of the labeled oligosaccharide.
As in the case of sulfitolyzed RNase A, dithiothreitol was found to inhibit markedly the glycosylation of sulfitolyzed a-lactalbumin, presumably because of the loss of sulfite groups. These results suggested that introduction of negative charges might be essential to obtain active acceptor protein. To test this, native a-lactalbumin was reduced in the presence of excess dithiothreitol, and then aliquots were alkylated with either iodoacetic acid or iodoacetamide. The results of assays comBiochemistry: Pless (29) . Some proteins, e.g., elastase and carboxypeptidase A, contain one or more potential glycosylation sites, but are not found in a glycosylated form (30) . Others, like bovine RNase (21) and probably a-lactalbumin (31) , are secreted in both glycosylated and unglycosylated forms. Still others, e.g., ovalbumin (10, 11) and deoxyribonuclease (25) , are essentially fully glycosylated at a single site, but contain at least one additional unglycosylated tripeptide. As noted by others (22, 30, 32) , a variety of factors may account for the marked variation in the degree of glycosylation in vivo, e.g., the presence and the specificity of the appropriate transferase(s), subcellular compartmentalization, and restrictions imposed by polypeptide folding.
Use of the in vitro system from hen oviduct described in this study eliminates many of these factors. Thus, it should be possible to focus on the specificity of a particular enzyme and to begin to correlate the acceptor activity of a protein with specific features of its primary and tertiary structure. From the limited number of proteins so far examined several tentative correlations can be drawn. First, all three of the proteins that are acceptors (RNase A, ovalbumin, and a-lactalbumin) contain an -Asn-X-h,-tripeptide; none of the proteins tested that lack this tripeptide showed any acceptor activity. Examination of the amino acid sequence of the active proteins has not revealed any common features of sequence in the region adjacent to the required tripeptide. Second, four proteins tested that contained one or more suitable tripeptides were found to be inactive.
Thus, the mere presence of the -Asn-X-_Th tripeptide does not determine that a protein will serve as an acceptor. As in the case of the active proteins, examination of the amino acid sequence of the inactive proteins in the region of the tripeptide site does not reveal any common feature that would account for their lack of activity.
Finally, acceptor activity has been detected only after the exogenous protein is modified either by sulfitolysis or, in the case of a-lactalbumin, by reduction and alkylation under relatively mild conditions. Thus, in this in vitro system, disruption of the native protein conformation appears necessary for recognition of the tripeptide site. Although the temporal relationship between synthesis and glycosylation of a polypeptide chain destined to be a glycoprotein has not been precisely defined, it is clear from the recent work of Kiely et al. (33) that glycosylation of ovalbumin can occur while it is still attached to tRNA. Our findings, indicating that unfolding of polypeptide chains is required to expose the appropriate asparagine site, coupled with the observation of Kiely et al., suggest that polypeptide folding may play an important role in regulation of protein glycosylation.
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